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Abstract 
Life form structure (LFS) is an architectural system with the ability to change its shape according to the environment conditions. 
The shape can be altered by expansion, shrinkage, or twisting of the structure. This gives the perception of three-dimensional 
transformation. The system shapes can be altered quickly into a new one, which is functionally attractive and adaptable, 
according to the need and functions that arise in the course of time.  
To achieve the desired effect, it is necessary to use lightweight materials with good flexibility. Architectural membrane will be 
the right choice for this type of application. The multilayer structure with a total thickness of around 6 mm, consists of rigid PVC 
plates in the interior, bonded to a PVC coated high tenacity polyester membrane. The membrane act as a connecting element 
between the rigid PVC elements. In this way, the outer layer of the architectural system is continuous and the interior will be 
discontinuous, enabling them to create a geometric matrix, which has features of structural shape shifting.  
It is a novel kind of architectural system that possess very good flexibility in all direction along with attractive aesthetic outlook. 
The system offers protection against all types of environmental conditions (rain, wind, sunlight, etc.) and can be useful for both 
indoor (attractive space for exhibition) and outdoor applications (beach tent, tent for stall, etc.). 
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1. Introduction 
The LFS product is a structural system with high flexibility and dynamic features, able to shrink, expand and 
twist. Its purpose is to create a kind of bio structure that can adapt and change, depending on the needs or desires of 
the users, providing a dynamic experience, extremely interesting and creative in the spaces where the it is installed. 
It is, in this sense, that the name given to the proposed system is "LFS - Life Form Structure".  
It is intended to provide an alternative option to other products on the market that are built with similar materials 
(fibre-based). These products present, mainly in the form of tensioned screens and architectural and pneumatic 
structures membranes, which, despite being efficient and practical, aren´t able to swiftly change its shape and 
readapt.  
Thus, to initiate the process of development and materialization of the product, we proceeded to analyse and 
study the existing technologies and the structural functioning of tensioned membranes and pneumatic structures, but 
also the study of auxectic materials. In this article, we present the state of the art, which refer the main features of 
these technologies and materials. The structural system will run through fibrous materials in a coherent relationship 
between architectural membranes, tensioned screens and air cushions, composed of polygons (pyramidal, cube or 
cobblestones), in which their union correspond to an array, already designed and tested in models of study, based on 
practical origami and "tessellation structures", which make possible the handling and flexibility. The LFS product, 
consisting of a multilayer system, was submitted to testing by the Institute for Research and Technological 
Development in Building Sciences (ITeCons) to determine the ignitability index, thermal conductivity and sound 
absorption performance. We also highlight its potential, illustrating the possible applications, both in indoor and 
outdoor spaces, as well as the inclusion of other mechanisms that can further enhance the product, making it more 
appealing and attractive, such as the use of photovoltaic panels or backlighting. 
Some final considerations are presented at the end of the paper.   
1.1. State-of-the-art 
The intention of materializing the product LFS, having as goal to design a structure considering the possibility of 
morphological changes (changeability), reinforces the need to use a fibrous material as feedstock, ensuring the 
lightness and flexibility necessary for the purpose. In this sense, the study of existing technology and applications 
concerning architectural membranes (tensioned and pneumatic) [1][2], proved unable to find a suitable option, as the 
required pre-tension to the screen or metal structures needed for pneumatic structures, make virtually impossible the 
desired handling for the LFS. It is acknowledged that there is technology that allows for the expansion and 
compression of membranes, through bellows-type systems, but none is able to twist, something decisive to assign 
the mutability that we intend to achieve. However, it was found that achieving full changeability to a structure is a 
theme that boasts high interest, stressing that there is a cross-common denominator to these investigations, 
intrinsically connected with the possibilities associated with lightweight structures, where the fiber is increasingly 
used as a catalyst material, primarily through the study of "Kinetic Form-Active structures" [3] . It is noteworthy 
that the research group "Lightweight Structures Lab" from the Architecture Department and Engineering from Vrije 
University, Brussels, researches on Kinematic form active structures, which are reconfigurable lightweight 
structures usually covered with technical textiles. [4] 
We highlight an interesting application called "Cloud 9", which presents itself as coating of a building in 
Barcelona, which, through pneumatic cushions/inflatable bubbles adapts to the climate. "In the summer, the 
membrane acts as a sunscreen, filtering ultraviolet rays up to 85%. The filter inflates the chambers with a mixture of 
nitrogen, to block solar rays, creating shadows. In the winter, the membrane "wilt" to absorb the solar rays, 
maximizing the transmission of light and heat into the building.” [5] 
428   Fenando Cunha et al. /  Procedia Engineering  155 ( 2016 )  426 – 441 

Fig.  1 – Cloud9 facade in Barcelona [6] 
The possibility of applying changeability in all directions is a reality already tested in small structures, however, 
these are generally relatively heavy material based when compared to fibers and, in addition, require 
electrochemical impulses to ensure shape changing. The latter, although being interesting studies, have served 
primarily to enrich the knowledge on the structural behavior, but, however, are not crucial considering the materials 
used. The study of the behavior of auxetic materials was also important to realize the kind of behavior, similar to the 
LFS structure because these, when subjected to a tensile force in a given direction, are influenced in the 
perpendicular direction. It is therefore a behavior that establishes a direct relationship with the shape change 
characteristics that is intended for the LFS [7] [8] . 
1.2. Product features 
The solution we propose is an architectural membrane joint system that allows for the build of a sturdy structure. 
This type of system can be changeable within the available space, being able to shrink, expand and twist without 
breaking the structure. This mutability can be triggered by electrical impulses, mechanical or manual activated, 
giving the user the power to manipulate the space around it. One of the main advantages of this system is its 
versatility in its application, namely: in play areas, as beach equipment, building facades, alternative coverage, 
outdoor libraries, galleries, bars, musical and performative events, among many other possibilities, wherein its 
transformative and markedly aesthetic feature, can exploit backlight and self-manipulation by electrical pulses from 
photovoltaic panels. 
1.2.1 LFS structural system 
As for the structural behaviour, where the mutability feature is the main feature, it is demonstrated that this is 
given by the geometric matrix that determines their morphology. It is noticed that the behaviour of the system as a 
whole, is a consequence of the geometric relationships defined by polygons (rectangles and triangles), highlighting 
that the rectangles are the elements that define the flat sides of the structure, and the triangles are the connector 
elements which allow flexibility by twisting, contraction and expansion of the structure. 
The polygonal elements that comprise the structure are, thus, planar elements (squares), and the connector 
elements (triangles). It is the relationship between the elements that make up the geometric matrix that lies the "form 
finding". This is a key point to allow the feasibility of LFS and fibre structures in general [9]. 
As already mentioned, the squares are shown as planar elements and triangle elements as connectors.  
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It is shown below (Fig2) the geometric matrix of the system adopted, which present the rectangles fill, and 
triangles unfilled. 
Fig.  2 - Geometric matrix (view from the top of the structure - matrix selected for prototype) 
To ensure the features that let you assign changeability to the structure it´s necessary to adopt a folding system.  
So, during the course of the investigation, it was found that the orthogonal folds have to be concave and the 
verticals must be convex, as can be seen in the image that is presented below (Fig.3). 
Fig.  3 - Guidelines opening (top face view of the structure - folding directions necessary to allow the desired system structural mutability) 
In the next picture, a two-dimensional form of the desired structural behaviour is presented to facilitate the 
required reading and understanding. 
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Fig.  4 - Structural behaviour. 1 - View of the upper face of the structure, 2- Side view (under load) , 3- Side view (retracted) 
The technical drawing shown above, is insufficient to demonstrate the desired mutability so, below, are 
representative images of the possible ways to get to the integrated folds.  
Fig.  5 – Available shapes | Model 
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To ensure the desired aesthetic, similar to the images shown, it follows that a good possibility is to use elements 
with higher density than membranes, that comprise what we call "shaping plates". 
These should ensure the necessary lightness, and resemble to a tensioned structure. Therefore, the structure that is 
proposed is made up of a multilayer system. The upper and lower layers are composed of architectural membranes 
and the central layer is made of plates (Fig. 6). 
Fig.  6 - Composition of the multi-layer system using shape plates: 1- textile membrane ; 2- Rigid board (shape plate) ; 3 Spacing to ensure 
opening orientation (crease or stitching) 
The spacing between the plates form should allow to perform the bending system. (Fig. 7, 8 and 9). 
Fig.  7 - Assignment shape - tensioned look using shape plates: 1- quadrangular shape plates, 2- triangular shape plates, 3- Meeting point (upper 
and lower membrane) 
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Fig.  8 - The use of shape plates to ensure an apparent tension setting on the membrane (flat faces) 
Fig.  9 - Requirements for a correct relationship between elements 
1 - Shape plate - triangle. Light material to define the flat sides of the system; 
2 - Membrane of suitable density; 
3 - Central axis, fold – Suggested direction; 
4 - Shape plate - square. Light material to define the flat sides of the system; 
5 - Material to be used in at the meeting point, voids and or elastic material; 
6 - Orientation direction in the multilayer system by sewing, crease or other; 
7 - Resistance assurance, screen cannot break with the imposed motion. 
Regarding the calculation to attain the shape, the aforementioned form-finding, is the only method applicable to 
fibrous structures, whereas these are not governed by conventional structural calculations. This type of calculation is 
performed, making use of software operated by specialists. 
It is noteworthy that the required pre-tensioning to the screens indicates that we must always have at least two 
orientation directions [9], both in terms of composition of the membrane (micro scale), as the project level 
application (macro scale). For example, it would be impossible to have a tensioned screen with a shape like a donut. 
So, what we have here is a different type of calculation from the one that is rooted in the construction industry; "By 
minimizing the use of materials, the form that is economical, sustainable and aesthetically attractive emerges. 
However, this optimization must be done through form finding methods, whereby the structure itself defines its own 
shape based on its figure of equilibrium under applied loads. Unlike free forms which are defined mathematically, 
form-finding shapes rely on the structure and loads themselves for definition [10]. 
433 Fenando Cunha et al. /  Procedia Engineering  155 ( 2016 )  426 – 441 
1.2.2 Wiring system to allow structural changeability 
In order to assure the designed characteristics to the LFS, it becomes necessary to use a wire system. This system 
should be placed on the upper surface of the structure, in a way that it won´t interfere nor with the aesthetic nor with 
the functional space protected by the structure. The entire system has been designed to optimize the production ratio 
(industrial), with the expected functionality, enabling the transformation of spaces in a quick and natural way. This 
optimization, is now presented, in the form of a scale prototype. It was concluded that it will be necessary to use 
three different types of wires, with different functions, for it to work. At this stage, it may be necessary to use 
adjacent structures for structural support. 
After assuring the support, it’s extremely important to ensure the structure expansion limit, thus preventing it 
becomes flat. This is guaranteed with limiter wires that are placed in specific positions. In order to expedite the 
implementation of the structure, they may occupy the same space on the geometric matrix, although of course 
distributed throughout the structure. Finally, the third wire subsystem is the one which guarantees the necessary 
structural manipulation to ensure complete changeability in all Cartesian directions, allowing the desired expansion, 
contraction and torsion. To enable this behaviour, without deforming the polygons, and in particular the connectors, 
it was found that the wires must be placed strategically in the planar polygons (squares), at the upper surface of the 
structure. 
The wire system that provides structural stability, will limit the degree of structural variability, because it is 
dependent on the interconnection made between the number of planar elements, so, although the structure is 
changeable, it will always have a changeable limit depending on the design and the underlying intentions. 
Below evocative images of the wiring system: 
Fig.  10 - View from the top: 1- Wire to ensure support structure , 2- wires/cables to ensure the structure expansion limit, 3- wires to ensure shape 
change, 4- Fixation between flat faces through eyelets 
Fig.  11 -  In view representation of the expansion opening limit 
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Fig.  12 - How to connect the wires to the structure. View from the top: 1- Detailed operation of wires/cables. 2- wires/cables for structure 
expansion limitation. 
Fig.  13 - Wire placement possibilities for structure manipulation: 1-with eyelets, 2- rigid element glued to the membrane 3- fibrous element 
glued to the membrane. 
Fig.  14 – Simulation of structure behaviour being manipulated using cables 
435 Fenando Cunha et al. /  Procedia Engineering  155 ( 2016 )  426 – 441 
2 LFS potential applications 
At this point we shall stress an interesting detail, regarding the possibility of alteration of the environment 
created by the structure, that is it allows the possibility for people to be active agents, i.e., they can be part of the 
experiential design space as so they wish. This is a more theoretical aspect, but it was considered relevant and 
necessarily included in this technical report, because it is believed that things should not exist only because there is 
(or can be) technology to do so. It is essential to be aware that, although the well-designed structural composition of 
the product, each project will require a focused study for the desired application, and, therefore, will always be 
dependent on several conditions, such as the surrounding area, support points, degree of mutability desired, and 
other factors. In order to understand is all the information proposed structural behaviour, since the necessary 
geometric matrix, the product composition, the necessary voids and finally to the wire system, below are images that 
are intended to be illustrative of the whole intention, supporting somehow the proof of concept that was reached 
with the LFS prototype. 
Fig.  15 - Demonstrative applications of the integrated structural system (exterior) 
Fig.  16 - Demonstrative applications of the integrated structural system (exterior) 
Wire support structure 
Wires to ensure the structure expansion limit 
Wires to ensure shape-shifting (user controlled) 
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Fig.  17 - Demonstrative applications of the integrated structural system (exterior) 
Fig.  18 - Demonstrative applications of the integrated structural system (interior) 
3 Working prototype 
The LFS prototype was designed to test and work as proof of concept, and can be seen in the pictures below. 
Fig.  19 – Prototype images (3FGi1SJOU&Y

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Fig.  20 – Folding possibilities (origami based) 
3.1 Technical characteristics and results report 
The aim of the study and research carried out for this product is, objectively, the determination of the 
possibility of materialization and commercialization of the same, thus arising of an innovative architectural system, 
holder of unique spatial variability characteristics. Such changeability allows, as already mentioned, the possibility 
of upgrading space environments, aiming at the rehabilitation and or adaptation of spaces to new forms and 
functions, in a quick and aesthetically appealing way. In order to assess the possibility for market introduction of the 
LFS system, it became imperative to carry out behavioral tests on a multi-layer system formed by a coating 
membrane applied on both faces of a set of rigid plates, but discontinuous to allow three-dimensional manipulation 
of the system. Thus, the coating membrane is of three essential functions. The first, with a purely technical function, 
allows the connection between the rigid boards. The second, with a more functional and protective function, serves 
as a coating and, for last, the continuous membrane ensures aesthetically appealing feature of LFS product. 
The rigid plates also have multifunctional characteristics. Used to perform the polygons (flat faces) that 
define the geometric matrix required to achieve structural changeability, they also serve as interconnecting elements 
between the integrated wire system, and because of its rigidity, also support external elements. This system 
comprises of a multilayer structure with a thickness of 6mm, made of a high tenacity polyester fabric coated with 
PVC. This coats, on both sides, the rigid elements of expanded PVC, with a high performance adhesive. 
We must highlight that the LFS system has no structural function, however, it is necessary to ensure the 
strength and stability of the system, being essential to ensure its stability considering the combination of efforts that 
the system is subject to, resulting from its own weight, the originating motion, the mutability mechanism and, 
possible external actions such as impact, overload, wind, rain, among others. The necessary mechanical strength is 
achieved with the integrated wire system. 
Next is a description of the necessary materials: 
1. Shape plate: Expanded PVC; 
2. Finish: PVC coated polyester fabric; 
3. Fasteners: eyelets, wires and fasteners; 
4. Other components: Operation mechanisms, stretchers; others. 
Some representative illustrative images are presented below: 
Fig.  21 - Components of the LFS system: a) Shape plates in expanded PVC; b ) PVC coated polyester fabric; c ) metal eyelets. 
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4 Characterization essays 
To evaluate the physical characteristics of the shape plates, a set of tests were conducted, namely, 
ignitability (reaction to fire), thermal conductivity and sound absorption. 
4.1 - Ignitability (reaction to fire) 

The method adopted for determining the ignitability of the coated shape plate was the application of direct 
flame to the composite, in accordance with the requirements set forth in ISO 11925-2:2010 and ISO 11925-
2:2010/Cor1:2011. The result discloses that there hasn´t been a spread of the flame, 150mm above the flame hitting 
point, nor the falling of droplets, being, in result, classified with euroclasse E.  


4.2 – Thermal conductivity essay 

The thermal properties, including the coefficient of thermal conductivity and thermal resistance (given by 
the ratio between the thickness and thermal conductivity) were determined using the method of the Heat Flow Meter 
described in ISO8301:1991 and in the test standards (EN12664:2001). 
The method allowed to determine the thermal conductivity of the product, using a NETZSCH HFM 
436/3/1 equipment that delivers a constant and uniform heat flux to the subject samples. For an average density, 
after conditioning, of 588 kg/m3 and a thickness no more than 6,2mm, the test determined a thermal conductivity of 
0.0696 W/(m.ºC).  


4.3 – Sound absorption essay 

Given the wide range of applications, the acoustic performance may also be an important feature of the 
presented system. The determination of sound absorption coefficient was determined in an impedance tube with two 
microphones, using the transfer function method. The essay was performed according to EN ISO10534-2:2001.  



Fig. 22 – Sound absorption curve. 
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5 Application possibilities  

 The shape plates may, in the future, work as light diffusers, display colour and images, giving further 
impetus to the LFS, intensifying its differentiating nature. This mutability would be not only about shape, but, as 
well, as a marked visual effect. An extremely important aspect, that is an intrinsic part of the idea, is the possibility 
that it might turn out to be self-supporting. Given the study of the state of the art, we realize that a pneumatic 
system, can be a valid way to achieve the goal of self-supporting. In an evolutionary sense of what has been studied 
and applied to date, it is believed that this structural mutability effect can be achieved by adding a new layer on top 
of the structure, which would be based on air cushions. These would act in the same way as the yarns, enabling the 
shape change through areas of influence. In short, these would give the shape shifting ability to the structure through 
the air insufflation at strategic points. 




Fig.23: Study of the inclusion of another layer (pneumatic) to the LFS system: 1 - membrane; 2 - rigid plate; 3 - Space "empty" to define the 
opening orientation; 4 - pneumatic pad. 
 Being a product that stands out mainly by its boldness in challenging spaces and areas where it will be 
installed, providing the possibility for them to reinterpret themselves depending on needs, it is clear that the range of 
applications is extremely diverse. 
 This wide range of applications gives it an aesthetic and functional differentiation, which increases its 
value proposition. It can be applied either in the outdoor or in interior spaces, making it for its aesthetic and 
mutability, a focal element that certainly enrich the spaces where it will be used. It is our strong belief that the LFS 
product is ideal for indoor and outdoor exhibition spaces, temporary installations, roofing, façades, beach 
equipment, events in general, urban equipment, among a number of uses. If successfully executed it will be a 
challenge to the senses, as it can reverse the conventional logic of space division, because instead of obtaining 
orthogonal divisions, we obtain an organic division, full of life, not only because of its “broken” geometry, but also 
by the operability of the structural system. Several images that illustrate a number of application possibilities are 
presented below. 

Fig. 24 – Indoor application example – Empty space (before) 
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
Fig. 25 – Indoor application – Space reactivation using the architectural LFS system (after) 
In the next image, we present several applications, like temporary facilities, urban facilities, small events 
installations, or large-scale beach equipment.


Fig. 26 – Urban outdoor applications 
The incorporation of light sources in the membranes discontinuous sections, associated with the possibility of 
making the structure self-adaptable according to the weather, by the inclusion of photovoltaic energy, creates 
creative effects even more interesting and appealing. 


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
Fig. 27 – Application example in urban space (outdoor) at a night art event 
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